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ABSTRACT 

S t a r t i n g  w i t h  t h e  CM a tmosphere  a t  c a b i n  c l o s e o u t  on t h e  
pad ,  i . e . ,  ambient  a i r ,  a s imple  p r o c e d u r e  i s  desc r ibed  f o r  
a c h i e v i n g  t h e  r e q u i r e d  enr iched-oxygen nominal  f l i g h t  a t m o s p h e r e .  
The s u g g e s t e d  t r a n s i t i o n  p r o c e d u r e  r e q u i r e s  o n l y  s l i g h t  m o d i f i c a -  
t i o n  t o  nominal  crew p r o c e d u r e s .  It p e r m i t s  t h e  use  o f  a low 
oxygen-content  a tmosphere  b o t h  on t h e  pad and  t h r o u g h  t h e  maximum 
a c c e l e r a t i o n  and v i b r a t i o n  environment  o f  t h e  b o o s t  phase,  w h i l e  
a c h i e v i n g  s u b s t a n t i a l l y  h i g h e r  oxygen c o n t e n t  by  o r b i t  i n s e r t i o n .  

I n i t i a l l y ,  t h e  a m b i e n t  a i r  i n  t h e  c a b i n  i s  e n r i c h e d  t o  
a b o u t  4 1 %  by  u s i n g  oxygen t o  i n c r e a s e  t h e  c a b i n  p r e s s u r e  d u r i n g  a 
l eak  check .  Fo l lowing  f i rs t  s t a g e  s e p a r a t i o n  d u r i n g  a s c e n t ,  
f u r t h e r  enr ichment  i s  accompl ished  by  manual ly  p a r t i a l l y  v e n t i n g  
and a u t o m a t i c a l l y  r e p r e s s u r i z i n g  i n  t h r e e  r a p i d  c y c l e s .  A t  o r b i t  
i n s e r t i o n  t h e  c a b i n  has r e a c h e d  e s s e n t i a l l y  a sea l e v e l  e q u i v a l e n t  
c o m p o s i t i o n  ( 7 3 %  02). Normal l e a k a g e  and  o t h e r  consumption w i t h  

r e s u l t i n g  r e p l i n i s h m e n t  w i l l  e n r i c h  t h e  c a b i n  t o  a b o u t  95% O2 b y  

l u n a r  o r b i t  i n s e r t i o n ,  u n l e s s  a more r a p i d  t r a n s i t i o n  i s  i n d u c e d  
by  a d d i t i o n a l  manual o p e r a t i o n s .  The c o n d i t i o n s  r e s u l t i n g  from 
t h e  d e s c r i b e d  p r o c e d u r e  y i e l d  an e f f e c t i v e  t r a d e - o f f  o f  p h y s i o l o -  
g i c a l  and f l a m m a b i l i t y  p a r a m e t e r s .  
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

Although t h e  c o n f l i c t  between u s i n g  a h i g h  or low con- 
c e n t r a t i o n  o f  oxygen i n  the CM c a b i n ,  d e s i r a b l e  f o r  p h y s i o l o g i c a l  
and  f l a m m a b i l i t y  r e a s o n s  r e s p e c t i v e l y ,  i s  e f f e c t i v e l y  r e s o l v e d  
for t n e  p e r i o d  b e f o r e  h a t c h  c l o s u r e  on t h e  pad ( a i r  a t  sea l e v e l  
p r e s s u r e )  and a f t e r  a c h i e v i n g  t h e  nominal  f l i g h t  c o n d i t i o n  ( p u r e  
oxygen a t  5 p s i a ) ,  t h e  t r a n s i t i o n  p r o c e d u r e s  a r e  n o t  y e t  c l e a r l y  
d e f i n e d .  The f o l l o w i n g  p rocedure  i s  s u g g e s t e d  as a s a t i s f a c t o r y  
and e q u i t a b l e  means o f  t r a n s i t i o n  between t h e s e  two s t e a d y  s t a t e  
c o n d i t i o n s .  

PROCEDURE 

The p r o c e d u r e  s t a r t s  a t  CM h a t c h  c l o s u r e  on t h e  p a d ,  
w i t h  ambient  a i r  i n  t h e  c a b i n .  A t en-minute  l eak  check  i s  p e r -  
formed about  one hour  b e f o r e  l aunch  u s i n g  oxygen t o  r a i se  c a b i n  
p r e s s u r e  5 p s i  above ambien t .  After t h e  l e a k  check t h e  c a b i n  
p r e s s u r e  i s  r educed  t o  a s m a l l  p o s i t i v e  d i f f e r e n t i a l  ( 1 / 4  p s i )  
w i t h  r e s p e c t  t o  ambien t .  Then e s s e n t i a l l y  a s teady  s t a t e  e x i s t s  
u n t i l  l i f t o f f .  T h i s  p r e l a u n c h  p r o c e d u r e  e n a b l e s  an  a c c u r a t e  l e a k  
c h e c k ,  as d e s c r i b e d  i n  a memorandum by L .  G .  M i l l e r . *  A t  l a u n c h  
t h e  c a b i n  a tmosphere  i s  approx ima te ly  4 1 %  02/59% N2 a t  1 4 . 7  p s i a  

as a r e s u l t  o f  t h e  c a b i n  leak  check and  subsequen t  v e n t .  

During a s c e n t ,  a f t e r  abou t  T t 4 m i n u t e s ,  t h e  c a b i n  
p r e s s u r e  r e l i e f  v a l v e  i s  manual ly  opened f o r  a b o u t  1 5  seconds  t o  
q u i c k l y  r e d u c e  t h e  c a b i n  p r e s s u r e  t o  3 .5  p s i a  (as  read on t h e  

c a b i n  p r e s s u r e  a u t o m a t i c a l l y  r e t u r n s  t o  4 . 6  p s i a  b y  means o f  t h e  
c a b i n  emergency p r e s s u r e  r e g u l a t o r .  T h i s  v e n t  and  r e p r e s s u r i z e  
c y c l e  i s  r e p e a t e d  two more t i m e s  a t  a b o u t  t h r e e  minu te  i n t e r v a l s ,  
as r a p i d l y  as t h e  c y c l e  can  be per formed.  The t h r e e  s i m p l e  manual  
o p e r a t i o n s  and p r e s s u r e  r e a d i n g s  are comple t ed  by  o r b i t  i n s e r t i o n  
a t  a b o u t  T t 11 m i n u t e s .  A t  app rox ima te ly  T + 1 3  m i n u t e s  t h e  
f i n a l  a u t o m a t i c  r e p r e s s u r i z a t i o n  c y c l e  has i n c r e a s e d  t h e  c a b i n  
a tmosphe re  to a b o u t  73% 0 2 / 2 7 %  N 2  a t  4 . 6  p s i a .  The p r e s s u r e  con- 

c a b i n  -pressure gage).  ml- I I ~ ~ I I  - - ~  i i- i  t h e  n e x t  2 .  5 t o  3 m i n u t e s ,  the  

*Mi l l e r ,  L.G. On-Pad Command Module Leak Check f o r  Block I1 
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t i n u e s  to be  a u t o m a t i c a l l y  i n c r e a s e d  by  t h e  c a b i n  p r e s s u r e  r e g u l a -  
tor to a minimum o f  4 .8  p s i a  b y  T + 30 m i n u t e s ,  r e s u l t i n g  i n  a b o u t  
7 4 %  o*. 

The oxygen c o n c e n t r a t i o n  w i l l  c o n t i n u e  t o  i n c r e a s e  as 
t h e  n i t rogen-oxygen  rriixture t h a t  s l o w l y  l eaks  from t h e  c a b i n  i s  
r e p l a c e d  by  p u r e  oxygen. Very l i t t l e  change w i l l  o c c u r  p r i o r  to 
t r a n s p o s i t i o n  and dock ing .  However, d u r i n g  t u n n e l  p r e s s u r i z a t i o n  
a f t e r  dock ing ,  a pound or two o f  oxygen w i l l  b e  added ,  r a i s i n g  
t h e  oxygen c o n c e n t r a t i o n  to n e a r l y  8 0 % .  Af t e r  t h i s  o p e r a t i o n  t h e  
n i t r o g e n  w i l l  c o n t i n u e  to l e a k  from t h e  c a b i n  a t  a s low r a t e  t h a t  
w i l l  r e s u l t  i n  a b o u t  95% 0 /5% N by t h e  t i m e  of l u n a r  o r b i t  i n -  
s e r t i o n .  
i l l u s t r a t e d  i n  F i g u r e  1. 

The p r e s s u r e  p r o ? i l e  t g r o u g h  t u n n e l  p r e s s u r i z a t i o n  i s  

During t h e  )hove p r o c e d u r e s  t h e  d i r e c t  o2 m e t e r l r i g  v a l v e  
i s  opened s l i g h t l y  to m a i n t a i n  a p o s i t i v e  s u i t  p r e s s u r e .  T h i s  
manual c o n t r o l  i s  t u r n e d  on a t  crew e n t r y  on t h e  pad and  t u r n e d  
o f f  a t  any c o n v e n i e n t  t i m e  a f t e r  cabin p r e s s u r e  v e n t i n g .  

(j B E R-"-A ,T I 0 N- s 

s ugge s t e d 

1. 

2 .  

3 .  

4 .  

5. 

6. 

The f o l l o w i n g  o b s e r v a t i o n s  a re  l i s t e d  i n  s u p p o r t  o f  t h e  
p r o c e d u r e :  

The c a b i n  oxygen c o n c e n t r a t i o n  i s  low ( 2 1 - 4 1 % )  
d u r i n g  pad o p e r a t i o n s ,  i n c l u d i n g  l e a k  check .  

The c a b i n  a tmosphere  i s  e s s e n t i a l l y  a t  sea l e v e l  
e q u i v a l e n t  a t  o r b i t  i n s e r t i o n .  

No a d d i t i o n a l  crew o p e r a t i o n s  a re  i n t r o d u c e d  i n  
t h e  p o s t - i n s e r t i o n  t i m e l i n e .  

More t h a n  2 o f  t h e  6 . 7  pounds c a p a c i t y  o f  gaseous  
oxygen remain  i n  s t o r a g e  a t  o r b i t  i n s e r t i o n .  The 
r e p r e s s u r i z a t i o n  c y c l e s  r e q u i r e  a t o t a l  o f  o n l y  
5 . 4  pounds and t h e  c r y o g e n i c  r e s u p p l y  f l o w  r a t e  re-  
p l a c e s  abou t  0 .8  pounds of  gaseous  oxygen. The 
gaseous  oxygen t a n k s  a re  a u t o m a t i c a l l y  r e f i l l e d  
b e f o r e  t h e  end  o f  t h e  f i r s t  o r b i t ,  based on a r e -  
supp ly  r a t e  of 8 to 9 pounds p e r  h o u r .  

The o p e r a t i o n s  r e q u i r e d  d u r i n g  a s c e n t  are  s i m p l e  
m a n i p u l a t i o n s  of t h e  r e l i e f  v a l v e  and v i s u a l  r e a d i n g s  
o f  t h e  c a b i n  p r e s s u r e  gage  i n  a one o r  two g e n v i r o n -  
ment .  

The p r o c e d u r e  i s  compa t ib l e  w i t h  e x i s t i n g  hardware. 

2031-RDR-sam R-. D .  Rayionh 

Attachment  
F i g u r e  1 
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